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Abstract

Background. Internalizing and externalizing psychopathology factors explain much of the
covariance among psychiatric conditions, especially at the level of genetic risk. However,
few studies have examined internalizing and externalizing factors in middle-aged samples,
especially their ability to predict later symptoms across midlife. The goals of the current
study were (i) to quantify the genetic and environmental influences on internalizing and
externalizing psychopathology in individuals in their early 40s, and (ii) examine the extent
to which these genetic and environmental influences predict self-reported measures of intern-
alizing and externalizing symptoms 15-20 years later.

Method. 1484 male twins completed diagnostic interviews of psychopathology at mean age 41
and self-reported measures of anxiety, depression, substance use, and related variables at up to
two time-points in late middle age (mean ages 56 and 62).

Results. Structural equation modeling of the diagnostic interviews confirmed that internaliz-
ing and externalizing factors accounted for most of the genetic variance in individual disor-
ders, with substantial genetic (r, =0.70) and environmental (r.=0.77) correlations between
the factors. Internalizing psychopathology at age 41 was correlated with latent factors
capturing anxiety, depression, and/or post-traumatic stress symptoms at ages 56 (r=0.51)
and 62 (r = 0.43). Externalizing psychopathology at age 41 was correlated r = 0.67 with a latent
factor capturing aggression, tobacco use, and alcohol use at age 56. Stability of both factors
was driven by genetic influences.

Conclusions. These findings demonstrate the considerable stability of internalizing and exter-
nalizing psychopathology symptoms across middle age, especially their genetic influences.
Diagnostic interviews effectively predict self-reported symptoms and behaviors 15-20 years
later.

Introduction

Theories of psychopathology have emphasized the sources of common and specific variance
among disorders, clustering disorders into internalizing and externalizing domains (Weiss
et al., 1998; Lilienfeld, 2003; Kendler and Myers, 2014). The internalizing domain comprises
anxiety disorders, depressive disorders, post-traumatic stress disorder (PTSD) and other
related conditions (Weiss et al., 1998; Caspi et al., 2014; Kotov et al., 2017). Similarly, the
externalizing domain comprises substance use disorders, antisocial personality disorder, con-
duct disorder, and attention-deficit/hyperactivity disorder (Weiss et al., 1998; Kotov et al,
2017). In contrast to narrowband-specific sources of variance that capture the features that
are unique to particular disorders (e.g. physiological arousal in anxiety), internalizing and
externalizing latent factors have been useful in capturing the shared variance among disorders
in these two broad domains. These factors tend to explain much of the associations among
individual disorders, as well as their associations with cognition and personality (Krueger
et al., 2002; Whiteside and Lynam, 2003; Young et al., 2009; Hink et al, 2013; Tackett
et al., 2013; Caspi et al., 2014; Gustavson et al., 2017).

Internalizing and externalizing factors have historically been studied in children and ado-
lescents (Weiss et al., 1998; Krueger et al., 2002; Lilienfeld, 2003), especially in twin studies that
inform their genetic and environmental architecture (King et al., 2004; Blonigen et al., 2005;
Hink et al., 2013; Tackett et al., 2013; Gustavson et al., 2017). Genetic influences continue to
account for the commonality between disorders at a pairwise level well into adulthood both
within the internalizing (Chantarujikapong et al, 2001; Koenen et al, 2008) and the
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externalizing domains (True et al., 1999a, 1999b), and across the
two domains (Xian et al., 2000; Fu et al., 2007). However, when
middle-aged or older adults are included in studies of internaliz-
ing and externalizing psychopathology, they tend to have hetero-
geneous age ranges that included adolescents and/or young adults
(Krueger, 1999; Kendler et al., 2003; Eaton et al., 2011; Kendler
and Myers, 2014). Thus, it will be useful to demonstrate the
genetic and environmental structure of internalizing and external-
izing factors in middle age within a sample with a more
homogenous age range.

Although genetic influences on individual disorders are rela-
tively stable throughout the lifespan (Eley et al., 2003; Bergen
et al., 2007; Bornovalova et al., 2009; Petkus et al., 2016), studies
have not yet established the stability of internalizing and external-
izing psychopathology across the lifespan. Because genetic influ-
ences on both psychopathology factors account for much of the
genetic variance in individual disorders (e.g. Tackett et al,
2013; Kendler and Myers, 2014; Gustavson et al., 2017), internal-
izing and externalizing factors also likely demonstrate at least
moderate genetic stability over time. Furthermore, the longitu-
dinal studies on individual disorders noted above focus on early
life (ages 0-30) or late life (> age 60), so it is still somewhat
unclear the extent to which genetic influences on psychopath-
ology demonstrate stability in midlife.

In the current study, we began to address these issues by util-
izing data from a large study of middle-aged male twins.
Participants completed diagnostic interviews of psychopathology
symptoms in early middle age (~age 41) as part of the Harvard
Drug Study of Substance Abuse (HDS; Tsuang et al., 2001).
These twins also completed self-reported measures of relevant
psychopathology symptoms at mean age 56 and/or 62 as part of
the Vietnam Era Twin Study of Aging (VETSA), including mea-
sures of anxiety symptoms, depression symptoms, PTSD symp-
toms, and aggression (Kremen et al., 2006, 20134, 2013b). They
also answered basic questions about their current tobacco and
alcohol use. We tested the hypothesis that latent internalizing
and externalizing psychopathology factors (at age 41) would pre-
dict similar latent factors capturing internalizing and externaliz-
ing symptoms/behaviors in late middle age, and that much of
this stability would be explained by genetic influences. Such evi-
dence would be consistent with recent findings that genetic influ-
ences on psychiatric disorders are similar to those on quantitative
variation of milder versions those same disorders (e.g. anxiety dis-
orders v. trait anxiety) in the general population (for review, see
Martin et al., 2018), but would extend these findings by demon-
strating that there is also longitudinal stability in this covariance.

Method
Subjects

Analyses were based on 1484 individual male twins [433 monozy-
gotic (MZ) twin pairs, 308 dizygotic (DZ) twin pairs, 10 unpaired
twins] from the Vietnam Era Twin Registry. All of the men
underwent psychiatric diagnostic interviews in early middle age
as part of the HDS (M = 41.29 years, s.p. = 2.42) and participated
in at least one of the two waves of the longitudinal VETSA project
at average age 56 (N =1291, M =55.90 years, s.D. = 2.44) or aver-
age age 62 (N=1207, M =61.72 years, s.0.=2.45). Most twins
completed both waves of VETSA (N =1014).

All VETSA participants were recruited randomly from the
HDS and were not selected for history of any diagnosis. The
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only inclusion criteria for VETSA 1 was that both twins must
have been between ages 51 and 59 at the time of recruitment,
and that both twins in a pair agreed to participate in the study.
All twins were invited to participate in the second wave of
VETSA regardless of the participation of their co-twin.
Individuals all served in the United States military at some time
between 1965 and 1975 and are generally representative of
American men in their age group with respect to health and life-
style characteristics (Kremen et al, 2006; Schoenborn and
Heyman, 2009). Nearly 80% did not serve in combat or in
Vietnam, and lifetime PTSD rates (7.3%) were similar to that of
the general population (Kilpatrick et al., 2013; see online
Supplementary Table S1 for lifetime prevalence of other disorders
based on DSM-III-R criteria at mean age 41). Table 1 displays
basic demographic characteristics of the sample.

Measures

Internalizing and externalizing psychopathology (Age 41)
Psychopathology symptoms were assessed using structured inter-
views based on the Diagnostic Interview Schedule, Version III
Revised (DIS-3R; Robins et al., 1988), administered by telephone.
Questions from the DIS-3R assess mental disorders according
to the revised third edition of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-III-R; American Psychiatric
Association, 1987). All measures used in these analyses were
based on the count of lifetime symptoms, including both depend-
ence and abuse symptoms.™

Because all summed symptom counts were positively skewed,
measures were binned into ordinal variables for each disorder,
thereby creating polychotomous measures. This method produces
unbiased estimates of censored data in twin models, and is pre-
ferred to transformations in liability-threshold models such as
those examined here (Derks et al., 2004). Bins were selected
prior to analyses based on three a priori considerations, similar
to our previous work using a different twin sample (Gustavson
et al, 2017): (i) equalizing the #n per bin as much as possible,
(ii) maximizing the number of bins for each trait (i.e. to preserve
as much variance as possible), and (iii) attempting to have at least
150-200 individuals per bin (ie. to prevent empty bins after
subdividing the sample based on twin pair and zygosity). The bin-
ning procedure for each disorder is described here and displayed
in online Supplementary Table S2, but more information on the
unbinned variables can be found in the supplement (online
Supplementary Table S1).

Internalizing psychopathology was assessed based on symp-
toms of generalized anxiety disorder (GAD), major depressive
disorder (MDD), and post-traumatic stress disorder (PTSD).
For GAD, 3 bins were created based on symptom endorsement:
0 symptoms (n=1199), 1-6 symptoms (n=132), and 7 or
more symptoms (n=151). For MDD, 5 bins were created: 0
symptoms (n=507), 1 symptom (n=331), 2 symptoms (n=
213), 3-4 symptoms (n =218), and 5 or more symptoms (n=
213). For PTSD, 4 bins were created: 0 symptoms (n=_879),
1-3 symptoms (n=220), 4-7 symptoms (n=203), and 8 or
more symptoms (n=174). PTSD symptoms were based on the
number of unique symptoms reported across three events.

Externalizing psychopathology was based on symptoms for
tobacco use disorder, alcohol use disorder, cannabis use disorder,

+The notes appear after the main text.
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Table 1. Demographic characteristics of the sample

Demographic variable N M s.D. Range
Lifetime education (years) 1483 13.80 2.11 5-20
Lifetime occupation 1477 5.47 1.87 0-9
Race/Ethnicity (N = 1478)
White non-Hispanic (%) 1307 0.88 = =
White Hispanic (%) 35 0.02 - -
American Indian (%) 9 0.01 - -
Pacific Islander (%) 3 0.00 - -
African American (%) 75 0.05 - -
More than 1 race (%) 40 0.03 - -
Declined to answer (%) 9 0.01 - -
Age
at diagnostic interview 1484 41.29 2.42 35-46
at VETSA wave 1 1291 55.90 2.44 51-60
at VETSA wave 2 1207 61.72 2.44 56-66

VETSA, Vietnam Era Twin Study of Aging.

Note: Lifetime education was the number of years of school completed. Lifetime occupation
was based on the Hollingshead Four-Factor index (Hollingshead, 1975), from 0
(unemployed) to 9 (major professionals). A mean of 5.47 corresponds to a clerical worker,
sales worker, technician, or semiprofessional.

and antisocial personality disorder (ASPD). For tobacco use dis-
order, 5 bins were created: 0 symptoms (n =513), 1-2 symptoms
(n=263), 3 symptoms (n =234), 4 symptoms (n =215), and 5 or
more symptoms (n =259). For alcohol use disorder, 5 bins were
created: 0 symptoms (n =477), 1 symptom (n = 228), 2 symptoms
(n=233), 3-4 symptoms (n=318), and 5 or more symptoms
(n=224). For cannabis use disorder, 3 bins were created: 0 symp-
toms (n=1166), 1 symptom (n=131), and 2 or more symptoms
(n=182). For ASPD, 4 bins were created: 0 symptoms (n = 438), 1
symptom (n = 399), 2 symptoms (n =293), and 3 or more symp-
toms (n=351).

Internalizing symptoms (Age 56 and 62)

At mean age 56, self-reported internalizing symptoms were as-
sessed using three scales: the 20-item Center for Epidemiologic
Studies - Depression scale (CES-D; Radloff, 1977), the stress reac-
tion subscale of the Multidimensional Personality Questionnaire
factor-form NZ (MPQ; Tellegen, 1985, Krueger et al, 1996),
and one item related to anxiety in the Short-Form Health
Survey (Have you been a very nervous person? SF-36; Ware and
Sherbourne, 1992).

At mean age 62, self-reported internalizing symptoms were
assessed using three scales: the CES-D, the 20-item trait form of
the State-Trait Anxiety Inventory (STAIL Spielberger, 1983),’
and the 17-item self-report DSM-IV-based PTSD Checklist civil-
ian version (PCL; Weathers et al., 1993). At both waves, all mea-
sures were log transformed to improve the distributional
characteristics.

Externalizing symptoms/behaviors (Age 56)

At mean age 56, externalizing symptoms/behaviors were assessed
with four measures: the Aggression subscale and Constraint fac-
tors of the MPQ, tobacco use, and alcohol consumption. The
MPQ aggression subscale was included to capture antisocial
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tendencies and the reverse-scored MPQ constraint factor (includ-
ing control, harm avoidance, and traditionalism subscales) was
included to assess behavior disinhibition, similar to previous
work (Krueger et al., 2002). Tobacco use was a categorical variable
in which individuals were given a score of 1 if they answered
yes to the question ‘Do you smoke cigarettes now?” or answered
yes to similar questions for cigars, pipe tobacco, or chewing
tobacco (n=385; see supplemental method for more informa-
tion). Otherwise, they were given a score of 0 (n =906). Alcohol
use was based on the total number of alcoholic beverages reported
in the past two weeks, binned into 5 bins: no drinks (n =437), 7
or less drinks (n=127), 8-14 drinks (n=234), 14-28 drinks
(n=215), and >28 drinks (n =233). We were unable to create a
measure of externalizing symptoms/behaviors at age 62 because
the MPQ was not assessed at this wave and there were no other
comparable measures of personality (e.g. aggression, antisocial
behavior). Although tobacco use and alcohol consumption data
were available, the latent factor would not be identified with
only two indicators.

Data analysis

Analyses were conducted using Mplus Version 7.2 (Muthén and
Muthén, 2010-2012). For all analyses involving polychotomized
symptom count data, we fit liability-threshold models and
accounted for missing data using pairwise deletion with weighted
least squares, means and variance adjusted (theta parameteriza-
tion). For models without ordinal variables (Fig. 3¢ only), we
used full-information maximum likelihood. Model fit was deter-
mined using chi-square values (x*), the root-mean-square error
of approximation (RMSEA), and the comparative fit index
(CFI). Models had good fit if the x> value was less than two
times the degrees of freedom, RMSEA <0.06, and CFI>0.95
(Hu and Bentler, 1998). Significance of parameters was evaluated
with x* difference tests using the ‘difftest’ option. We also provide
95% confidence intervals (95% ClIs) using standard errors, but
when significance tests based on standard errors disagree with
x> difference tests, we only interpret the latter (see online
Supplemental Data Analysis). Figures display standardized factor
loadings, but the full unstandardized and standardized output of
all models are displayed in the supplement (online Supplementary
Tables S5-S9).

Genetically-informative analyses were based on the assump-
tions of the classical twin design, which decompose variance in
a trait (and covariance between traits) into three sets of influences.
Additive genetic influences (A) are assumed to correlate at 1.0 for
MZ twins and 0.5 for DZ twins because MZ twins share 100% of
their alleles identical-by-descent while DZ twins share 50% of
their alleles identical-by-descent. Shared environmental influ-
ences (C), which are influences that make twins in a pair more
similar, are assumed to correlate at 1.0 in both sets of twins.
Non-shared environmental influences (E), which are influences
that make twins dissimilar, are assumed to be uncorrelated in
both sets of twins. We also assume equal means and variances
across twin number and zygosity. These standard assumptions
for univariate models also apply to the multivariate common
pathway models described here, including when phenotypic cor-
relations are decomposed into their genetic (r,), shared environ-
mental (r.), and non-shared environmental components (r.).
Genetic and environmental correlations were not estimated dir-
ectly but were computed from statistically-equivalent Cholesky
decompositions.
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Table 2. Descriptive Statistics for Continuous Dependent Measures at Mean Ages 56 and 62
N M s.D. Range Skewness Kurtosis Reliability rMZ rDZ
Internalizing (Age 56)
CES-Depression 1283 8.40 8.22 0-52 1.78 3.89 0.89 0.42 0.27
SF-36 Anxiety Item 1284 1.85 1.09 1-6 1.59 2.51 = 0.27 0.14
MPQ - Stress Reaction 1280 4.57 3.80 0-14 0.68 —0.52 0.89 0.52 0.27
Internalizing (Age 62)
CES-Depression 1195 7.41 8.11 0-53 1.93 4.47 0.89 0.32 0.21
State-Trait Anxiety Inventory 1196 31.60 9.80 20-76 1.10 0.99 0.93 0.42 0.20
PTSD Checklist 1198 26.35 10.65 17-84 2.03 4.94 0.94 0.37 0.22
Externalizing (Age 56)
MPQ - Aggression 1281 3.25 2.80 0-17 1.23 1.86 0.83 0.42 0.18
MPQ - Constraint 1279 46.08 7.56 18-63 —0.63 0.34 0.75 0.42 0.16

CES, Center for Epidemiologic Studies; SF-36, Short-Form Health Survey; MPQ, Multidimensional Personality Questionnaire; PTSD, Post-traumatic stress disorder.
Note: Reliability was computed with Cronbach’s alpha. All questionnaire measures (except MPQ-Aggression and MPQ-Constraint) were log-transformed in all analyses to improve their
distributional characteristics (range in skewness: —0.61 to 1.05, range in kurtosis: —0.72 to 0.72). The final two columns display the cross-twin correlations for monozygotic (MZ) and dizygotic

(DZ) twins.

Results
Descriptive statistics

Descriptive statistics for the self-reported measures at age 56 and
62 are displayed in Table 2. Phenotypic correlations among all
variables are displayed in the supplement (online Supplementary
Table S3).

Internalizing and externalizing at age 41

The genetic and environmental model of internalizing and exter-
nalizing psychopathology symptoms at age 41 is displayed in
Fig. 1 (see figure captions for model fit). The estimated pheno-
typic correlation between the internalizing and externalizing fac-
tors was r=0.65.

Variance in the internalizing factor was relatively evenly split
between genetic influences, a” = 0.45, and non-shared environ-
mental influences, e* = 0.55, with no evidence for shared environ-
mental influences, ¢*=0.00. About half the variance in the
externalizing psychopathology factor was also explained by
genetic influences, a”=0.56, which were strongly correlated
with those genetic influences on internalizing psychopathology,
r.=0.70, Xz(l) =46.76, p<0.001, 95% CI (0.12-1.0), explaining
54% of their phenotypic correlation. Non-shared environmental
influences explained an additional 28% of the variance in the
externalizing psychopathology factor and were also correlated
with the environmental influences on internalizing psychopath-
ology, r.=0.77, x*(1)=44.87, p<0.001, 95% CI (0.55-0.99).
Shared environmental influences explained the remaining 18%
of the variance in externalizing psychopathology, but were non-
significant, ¢*=0.17, x*(1) = 1.06, p=0.303, likely due to low
power to detect these influences even in large samples (Martin
et al., 1978).

There was little evidence for significant genetic influences on
the symptom counts for most individual disorders after accounting
for those on the latent factors (range in unique a*=.00 to 0.16; see
online Supplementary Table S4 for 95% Cls). However, significant
residual genetic influences were identified for tobacco use (a*=
0.43) and alcohol use disorders (a* = 0.04), both x*(1) > 17.13, ps

<0.001; for other disorders, all xz(l) <1.49, ps>0.222. Residual
non-shared environmental influences were significant for all disor-
ders (range e?=0.15 to 0.56). All residual shared environmental
influences were nonsignificant, and those influences that were esti-
mated at zero (i.e. GAD, MDD, tobacco use disorder) were fixed to
zero in all subsequent models, including the nonsignificant shared
environmental influences on the internalizing psychopathology
factor, to aid in model convergence. We also included two
residual paths in this model (and all subsequent models): a path
from the non-shared environmental influences on GAD to
those for MDD, %*(1) = 10.15, p = 0.001, and a path from the gen-
etic influences on alcohol use disorder to tobacco use disorder,
x*(1) =17.13, p <0.001.*

Prediction of internalizing symptoms at ages 56 and 62 from
psychopathology at age 41

Next, we examined the genetic and environmental overlap
between internalizing psychopathology at age 41 and later intern-
alizing symptoms. Figure 2a displays the associations between
internalizing psychopathology at age 41 and internalizing symp-
toms at age 56. Figure 2b displays the associations between intern-
alizing psychopathology at age 41 and internalizing symptoms at
age 62. Figure 2c¢ displays the associations between internalizing
symptoms at age 56 and age 62. We present separate bivariate
models for ease of interpretation, but the results were nearly iden-
tical in a trivariate model that simultaneously examined all three
time-points (online Supplementary Fig. S1).

Genetic influences on internalizing psychopathology at age 41
(Arny) explained 22.1% of the total variance in internalizing symp-
toms at age 56, x°(1) = 26.91, p < 0.001. This resulted in a genetic
correlation of r,=0.66, 95% CI (0.33-0.98) that accounted for
61% of the total phenotypic correlation (r=0.51). Non-shared
environmental influences on internalizing psychopathology at
age 41 (Ep,,) explained an additional 6.8% of the variance in
symptoms at age 56, r.=0.43, xz(l) =19.56, p<0.001, 95% CI
(0.25-0.60). The remaining variance in internalizing symptoms
at age 56 was explained by unique genetic influences (Asg),
a’=029, y*(1)=1.73, p=0.189, unique non-shared
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Fig. 1. Model of the genetic (A), shared environmental (C),
and non-shared environmental influences (E) on internaliz-
ing and externalizing psychopathology at age 41.
Individual measures (in rectangles) were binned symptom
counts based on dependence and abuse criteria for that dis-
order. Variance explained by latent variables (ovals) can be
computed by squaring these standardized factor loadings
whereas genetic correlations (rg) are computed by dividing
the genetic covariance between internalizing and externaliz-
ing psychopathology (0.75 x 0.47) by the square root of the
product of their genetic variances [1/(0.752*(0.472 +0.48%)].
Significant factor loadings and correlations are displayed
in bold with black lines (p<0.05) and 95% standard error-
based confidence intervals are displayed in brackets. 95%
confidence intervals for residual ACEs are displayed in the
supplement (online Supplementary Table S4). This model
fit the data well: %(234) =258.50, p=0.130, RMSEA =0.017,
CFI=0.993. ASPD, antisocial personality disorder; CAN,
Cannabis use disorder; ALC, Alcohol use disorder; TOB,
Tobacco use disorder; GAD, Generalized anxiety disorder;
MDD, Major depressive disorder; PTSD, Post-traumatic stress
disorder.
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Fig. 2. Model of the genetic (A), shared environmental (C), and non-shared environmental (E) overlap between internalizing psychopathology at age 42 and self-
reported internalizing symptoms at age 56 (a) or age 62 (b). Figure 3c displays the overlap between self-reported internalizing symptoms at age 56 and 62. Variance
explained by latent variables (ovals) can be computed by squaring these standardized factor loadings. Measured variables are displayed in rectangles. Significant
factor loadings are displayed in bold with black lines (p <0.05) and 95% standard error-based confidence intervals are displayed in brackets. All models fit the data

well: x3(161) = 161.83, p = 0.467, RMSEA = 0.004, CFI = 0.999 (F

ig. 2a); x*(161) = 160.15, p = 0.504, RMSEA = 0.000 CFI = 1.00 (Fig. 2b); x*

(142) = 220.52, p <0.001, RMSEA

=0.038, CFI=0.982 (Fig. 2c). GAD, Generalized anxiety disorder; MDD, Major depressive disorder; PTSD, Post-traumatic stress disorder; CES-D, Center for
Epidemiologic Studies - Depression; SF36, Short-Form Health Survey; MPQ, Multidimensional Personality Questionnaire; STAI, State-Trait Anxiety Inventory;

PCL, PTSD Checklist.

environmental influences (Esq), e? = 0.31, xz(l) =24.40, p <0.001,
and unique shared environmental influences (Csg), ¢*=0.10,
%*(1) = 0.40, p=0.527. Although the unique genetic and shared
environmental influences were nonsignificant, both could not
be simultaneously removed without a significant reduction in

model fit, *(2) = 8.96 p=0.011.

Similar results were observed at age 62 (Fig.
ences on internalizing psychopathology at age
21.2% of variance the internalizing symptoms

62, resulting in a genetic correlation of r, = 0.69, x*(1) = 30.33, p <
0.001, 95% CI (0.34-1.0) that explained 70% of their phenotypic
correlation (r=0.43). Non-shared environmental influences on
internalizing psychopathology at age 41 (Ey,,) explained an add-
itional 2.9% of the variance in internalizing symptoms at age

62, 1.=0.24, x*(1) =820, p=0.004, 95% CI (0.08-0.40). The

2b). Genetic influ-
41 (Ar,,) explained
latent factor at age

291719001533

remaining variance was explained by non-shared environmental
influences specific to age 62 (Es,), e =0.49, xz(l):35.15, p<
0.001, and nonsignificant genetic influences (As,), a?=0.23,
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Fig. 3. Model of the genetic (A), shared environmental (C), and non-shared environmental (E) overlap between externalizing psychopathology at age 41 and an
externalizing factor at age 56 based on measures of aggression, constraint, current tobacco use, and current alcohol use. Variance explained by latent variables
(ovals) can be computed by squaring these standardized factor loadings. Measured variables are displayed in rectangles. Significant factor loadings are displayed in
bold with black lines ( p <0.05) and 95% standard error-based confidence intervals are displayed in brackets. This model fit the data well: x*(285) = 316.73, p = 0.102,
RMSEA =0.017, CFI=0.990. ASPD, antisocial personality disorder; Cannabis, Cannabis use disorder; Alcohol, Alcohol use disorder; Tobacco, tobacco use disorder;
MPQ Aggr, Multidimensional Personality Questionnaire - Aggression subscale; MPQ Constr, Multidimensional Personality Questionnaire - Constraint subscale.

xz(l) =1.68, p=0.195, and shared environmental influences spe-
cific to age 62 (Cey), ¢* =.03, x*(1) = 0.05, p = 0.830.

In both models, we examined evidence for stability of residual
genetic or environmental influences on individual disorders to
later self-reported symptoms (e.g. between MDD at age 41 and
CES-D at age 56 in Fig. 2a). Based on these analyses, we included
a path from the non-shared environmental influences on PTSD
symptoms (age 41) to PTSD symptoms at age 62 (Fig. 2b),
x°(1) =22.93, p<0.001. All other paths were nonsignificant,
%*(1) < 1.24, p > 0.265, and were excluded from the final models.
Additional analyses displayed in the supplement (online
Supplementary Fig. S2) found no evidence that the genetic or
environmental influences on externalizing psychopathology (at
age 41) were significantly associated with internalizing symptoms
at age 56 or age 62 after accounting for its covariance with the
internalizing psychopathology at age 41.

As shown in Fig. 2¢, despite some measurement differences
(i.e. different measures of anxiety, PTSD symptoms only at age
62), the genetic influences on the internalizing symptoms factors
were perfectly correlated between ages 56 and 62, 7, = 1.0, x*(1) =
16.37, p<0.001, 95% CI (0.12-1.0), explaining 59% of the
phenotypic correlation (r=0.78). There was also a moderate
non-shared environmental correlation, 7.=0.54, ¥*(1) = 99.18,
P <0.001, 95% CI (0.45-0.63), but most of the non-shared envir-
onmental variance at age 62 was unique (explaining 37% of its
total variance).

Prediction of externalizing symptoms/behaviors at age 56 from
psychopathology at age 41

Figure 3 displays a similar model in which externalizing psycho-
pathology at age 41 predicts externalizing symptoms/behaviors at
age 56. Although factor loadings for externalizing symptoms/
behaviors at age 56 were somewhat low, genetic influences on
externalizing psychopathology at age 41 accounted for 72.3% of
the variance in externalizing symptoms/behaviors at age 56.
This resulted in a perfect genetic correlation, r, = 1.0, (1) =
20.17, p <0.001, 95% CI (0.37-1.0), that explained 98% of their
phenotypic correlation (r=0.67). There were also some unique
non-shared environmental influences on the externalizing symp-
toms/behaviors factor at age 62, explaining 25.0% of its variance,
x*(1) =7.14, p < 0.008.

The model displayed in Fig. 3 also included residual genetic
and non-shared environmental associations between tobacco use
disorder symptoms (age 41) and tobacco use at age 56, explaining
50.4% and 4.0% of the variance in tobacco use at age 56, respect-
ively, both %*(1)>6.27, ps<0.012. Similar paths were tested
between alcohol use disorder (age 41) and alcohol use (age 56),
but they were nonsignificant, both ¥*(1)<3.73 p>0.053.
Finally, unlike the models of the internalizing factors, additional
analyses suggested that the new nonshared environmental influ-
ences on externalizing symptom/behaviors at age 56 were
explained by  environmental influences internalizing
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psychopathology at age 56, e*=0.25, x*(1) =4.53, p=.033, 95%
CI (0.10-0.49), even after controlling for externalizing psycho-
pathology at age 41 (online Supplemental Fig. S3). Thus, most
- if not all - of the variance in externalizing symptoms/behaviors
at age 62 were explained by earlier psychopathology symptoms.

Discussion

We observed considerable genetic and environmental correlations
between internalizing and externalizing psychopathology symp-
toms in these middle-aged adults not selected for psychopathology
diagnoses. Both latent factors were also moderately to strongly cor-
related with self-reported measures of related symptoms and beha-
viors 15 to 20 years later. Internalizing and externalizing factors
have been useful in understanding psychopathology’s associations
with cognition and personality (Krueger et al., 2002; Hink et al,
2013; Tackett et al, 2013; Caspi et al, 2014), but studies have
most often focused on children and adolescents, or adult samples
with heterogeneous age ranges. Our results demonstrate that these
latent factors show strong stability across midlife, even though the
symptom/behavior measures at age 56 and 62 differed substantially
from the diagnostic interviews in earlier middle age.

Although internalizing and externalizing psychopathology fac-
tors were explained roughly equally by genetic and non-shared
environmental influences, genetic influences accounted for the
majority of their phenotypic stability across the 15- to 20-year
interval. Previous work has focused on stability of genetic influ-
ences on individual disorders (Eley et al, 2003; Bergen et al,
2007; Bornovalova et al., 2009; Petkus et al., 2016), but this is
the first evidence, to our knowledge, that much of this genetic sta-
bility can be attributable to higher-order internalizing and exter-
nalizing psychopathology variance (at least, to the extent that the
self-reported symptom/behavioral measures and symptom counts
from diagnostic interviews tap similar internalizing/externalizing
variance). In contrast, there was little evidence that genetic influ-
ences specific to individual disorders predicted later symptoms/
behaviors (except for tobacco use disorder).

These results are relevant to ongoing genome-wide association
tests (GWAS) of psychopathology. GWAS have also demonstrated
high genetic overlap among psychiatric disorders (Bulik-Sullivan
et al., 2015; Lo et al., 2017; Duncan et al., 2018). Adequately pow-
ered GWAS, however, require samples in the tens or hundreds of
thousands (Visscher et al., 2017). Consequently, studies include
individuals from across the lifespan. Although these results sug-
gest that there is considerable genetic stability across middle
age, to the extent that this stability is not perfect (e.g. for intern-
alizing), this will hurt power to detect genes that are not currently
influencing some individuals in the sample (e.g. those who are
younger than the majority of the sample). Beyond gene identifica-
tion, development of polygenic risk scores for internalizing and
externalizing psychopathology may be useful in identifying indi-
viduals at risk for problems throughout the lifespan.

Finally, non-shared environmental influences also exhibited
some stability across this 15- to 20-year span. Just as the genetic
influences reflect the combined effects of many independent gen-
etic influences, these non-shared environmental influences likely
reflect a multitude of factors, each of which only accounts for a
small fraction of the variance (Plomin et al., 2001; Friedman
et al., 2016). Nevertheless, it will be useful to identify those that
contribute to this persistence of psychopathology symptoms
over time, as they may be crucial in future treatment and preven-
tion efforts.

Daniel E. Gustavson et al.

Strengths and limitations

First, the sample comprised only men, so these findings may not
generalize to women. Second, this community-based sample was
not selected for psychopathology symptoms, and associations may
differ in samples with higher rates of symptoms. Third, power to
detect shared environmental influences was low, even in this large
sample (Martin et al., 1978). However, significant shared environ-
mental influences have been observed in some (Gjone and
Stevenson, 1997; Burt et al, 2005), but not all previous work
(Krueger et al., 2002; Gustavson et al., 2017).

Fourth, there were limitations to the available measures
because VETSA was not designed as a study of psychopathology.
For internalizing symptoms, the SF-36 anxiety measure at age 56
was based on only a single questionnaire item and PTSD symp-
toms were only assessed at age 62. Nevertheless, there were high
factor loadings in both cases and the overall results were highly
consistent at age 56 and 62 (e.g. as evidenced by the perfect gen-
etic correlation between these internalizing symptom factors in
Fig. 2¢). The factor loadings on the externalizing symptoms/
behaviors factor were small, and it was only possible to examine
externalizing symptoms/behaviors at age 56 due to the lack of
inclusion of the MPQ at the age 62 assessment. The low factor
loadings may reflect the cruder dependent measures (i.e. a dichot-
omous variable for smoking, only one question about alcohol use
in the past two weeks) and the lack of measures of illicit substance
use (e.g. cannabis use). Despite these limitations, most of the vari-
ance in externalizing symptoms/behaviors at age 56 was explained
by externalizing psychopathology at age 41, and the remaining
nonshared environmental influences were explained by internaliz-
ing psychopathology at age 41.

Finally, and perhaps most importantly, the internalizing and
externalizing factors at age 56 and 62 were based on responses
to self-reported questionnaires about symptoms and substance
use rather than diagnostic interviews. Although this severely lim-
its our ability to draw strong conclusions about the stability of
internalizing and externalizing psychopathology over time, we
nevertheless observed strong genetic associations between diag-
nostic interviews and symptoms measures 15 to 20 years later.
The genetic and environmental correlations may have been even
larger if assessments were identical. However, the fact that we
observed strong associations despite measurement differences
suggests that these psychopathology factors are highly stable
across midlife.

Summary and conclusions

Internalizing and externalizing psychopathology factors in early
middle age are explained roughly equally by genetic and non-
shared environmental influences. Both factors demonstrate sub-
stantial ability to predict self-reported internalizing and
externalizing-related problems 15 to 20 years later, with substan-
tial stability of both genetic and non-shared environmental influ-
ences. In fact, there was little evidence for new genetic influences
on psychopathology symptoms. These findings highlight the per-
sistence of psychopathology-related symptoms and behaviors
across adulthood and middle-age.

Notes

! Although this is a relatively large population sample, the prevalence of psy-
chopathology diagnoses was low, so we were unable to analyze the data at the
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level of diagnoses, especially using genetically-informative models (that split by
zygosity and twin 1 v. twin 2).

% Researchers have identified overlapping genetic influences between PTSD
and externalizing psychopathology (Xian et al, 2000, Logue et al., 2013),
and some have proposed that there are internalizing and externalizing sub-
types of PTSD (Miller et al., 2004). In the current study, we examined the pos-
sibility that PTSD would be an indicator of both internalizing and
externalizing psychopathology. This alternative model found a small, nonsigni-
ficant factor loading of —0.02 from PTSD to externalizing, x*(1) =0.20, p =
0.887, but was otherwise nearly identical to Fig. 1. Thus, we included PTSD
as an indicator of internalizing psychopathology only, consistent with recent
theoretical models (e.g. Kotov et al., 2017).

* The anxiety-related SF-36 item was also available at age 62 but we elected to
use the full STAI scale because it was based on many more items. Post-hoc
analyses indicated that the primary conclusions of the study remained the
same if the SF-36 item were used instead of the STAL

* These associations were identified based on modification indices from a pre-
liminary phenotypic model, although the residual association between GAD
and MDD was expected a priori based on evidence that anxiety and depressive
disorders are more correlated with one another than either are with PTSD (e.g.
Ginzburg et al., 2010). The residual association between tobacco and alcohol
use disorders was not anticipated, but excluding this correlation did not impact
the other results. When including these associations in the genetic model
(Fig. 1), both genetic and environmental paths were initially included, but
remained in the final model only when significant.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/50033291719001533.
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